The purpose of this study was to determine the risk of developing complications in paraplegics taking part in sport. It is a retrospective study of patients with complete spinal cord injury at the spinal level of C7-cauda equina/ conus injury, and consists of 61 patients admitted to the Beitostolen Healthsportcenter, Norway.
Introduction
Physical training is an important part of the rehabilitation of the spinal cord injured (Guttmann, 1976) . Muscle strength and endurance in the upper, healthy part of the body are crucial factors in mastering ambulation and other ADL-activities. Disabled athletes have reached outstanding levels of performance, both in endurance activities like marathon racing, and muscle strength activities such as weightlifting. The experience of these enthusiasts are applied in the rehabilitation field and have created new approaches, tech niques and facilities. Outstanding performers, disabled or not, will always run the risk of injury as they stress tissue tolerance up to its maximum during training and competitions. The risk of injury during training for the disabled sportsman is unknown to us. The purpose of this study is therefore to estimate the risk of complications for the spinal cord injured during physical training and to register the kind of complications that occur.
Beitost0len Helsesportsenter is a rehabilitation hospital specially designed for the training and teaching sports for the disabled. Different kinds of disabled are admitted in order to improve their physical fitness and to practice different sports. Hopefully this will make their training at home easier in the future.
Material
From 1/1/73 to 31/12/82, 61 patients with complete spinal cord traumatic lesion were admitted to the hospital. Several had more than one admission, so that the total number of admissions was 129. The mean duration of the hospital stay was 25 days (7-124). Twenty females were admitted (15·5%) and 109 males (84·5%) ( Table 1 ). The years of disability varied from half a year to 36 years, (mean 9·5 years). The level of the spinal injury varied from C7 to cauda equina/ conus injury. Most injuries were at the thoracic level as shown in Table 2 . Of the total number of 61 patients, 47 patients (99 admissions) had a traumatic, and 14 patients (30 admissions) a non-traumatic lesion.
Looking at the social status at the time of injury there were 16 school children, 6 students, 16 manual workers (including sailors and farmers), and 14 office workers. Ten were undetermined. All the patients had achieved satisfactory bladder/bowel function before arrival. The wheelchair dependents were all skilled in the use of a wheelchair. We registered 15 females and 41 males admissions in the summertime, and five females and 68 males admissions in the wintertime. Different sport activities were tried out such as weight lifting*, pulking (Fig. 2 ) on ice and snow, swimming, volleyball, calisthenics in a group, horseback-riding, archery, tabletennis, canoeing (Table 4 ). The time spent on each activity varied from 30 minutes up to 2-3 hours (for pulkers), averaging about 45 minutes. In all the patients had 3297 training days, 11 955 training hours (Table 3) . In other words, 3·5 training hours each day, 6 days a week. The records of each spinal cord injured patient admitted to hospital during the ten-year periods were carefully examined, the complications were registered and arranged in the following groups (Table 5 ):
*A pulk is a boat-shaped snow-sledge, and not a boat-shaped ice-sledge. It can however also be used on ice, but the original pulk is an equipment developed for snow-surface. It is used by the laps when driving with reindeers in the northern part of Norway. From the reindeer pulk the equipment for snow-activities for paraplegics has been derived. One sits in a boat-shaped sledge and uses short ski-sticks to push forward. It has been used in Norway by paraplegics for many years, and here we call it pulking. We have seen different names on it, like sledge racing, pulk-ski-ing, sit ski-ing. We feel that the correct name should contain the word pulk, as it is derived from the reindeer equipment used in Norway. 
Results
Some of the patients had urinary tract infections and pressure sores at the time of admissions. Ten patients had pressure sores; two of these were sus pected of developing osteomyelitis and transferred to other hospitals for treatment. The remaining eight participated in the training activities and were free of pressure sores at discharge. Pressure absorbing equipment were used during the training. Nineteen patients had a urinary tract infection on arrival. Of these 14 were cured during their stay. No signs of kidney damage were registered. All of them participated without restrictions. During the training period 30 patients developed a new complication: Pressure sores five (17%), urinary tract infection· six (20%), strains and sprains 16 (53%) and others three (10%). In the latter group two of the patients developed increased spasticity and one acquired a fractured tibia. This patient had a marked osteoporosis, and the fracture occurred during passive stretching for spasticity. One of the patients with pressure sores was transferred to another hospital with possible osteomyelitis. The remainder of the patients with pressure sores and urinary tract infection were all successfully treated in this hospital and were symptom free at discharge. In the group with strains and sprains all were treated successfully. With regard to the seasons, there was no striking difference in the incidence of complications. The rate of complications was, as expected, slightly higher for females regarding urinary tract infections. For the other groups the complication rate was almost identical for the two sexes. The incidence rate of complication expressed as number of complications per 1000 training hours was for urinary tract infection 0.50, pressure sores 0.42, sprains and strains l.33, others 0.25, in all 2.5l. It is difficult to find a specific factor in the activities causing the complications,· especially in relation to pres sure sores and urinary tract infections. Sprains and strains usually occurred in the first week in untrained patients starting out too vigorously.
Of the 16 cases of sprains and strains, strains accounted for the majority of the complications. As our study is a retrospective one, the information is based on what is described in the patients' charts. In the shoulder region 12 patients had complications, four were described as tendinitis (bicepstendinitis or suprapinatus-tendinitis), the remaining eight were only described as unspecific pain in the shoulder region. In the elbow and arm, three patients had complications, one was described as epicondylitis, one tendinitis and one as unspecific muscular pain. Lastly one patient was described as having unspecific back pain.
It has been stated that the disabled have a higher risk of developing com plications during sport activities (Jackson and Fredrichson, 1979 ). This does not appear to be the case for the spinal cord injured.
Nilsson and Roaas (1978) report a frequency of 23/1000 playing hours in boys playing soccer, and 4/1000 playing hours in girls. Ekstrand and Gillqvist (1982) have found 8/1000 in adult players. In other contact sports such as lacrosse, the risk of injury is as high as 13/1000 training hours and 443/1000 game hours (Nelson et al., 1981) . Accurate injury data from winter sports are difficult to obtain but rough estimates show 10/1000 skier-days in downhill skiing (Ellison, 1972) and 0.5/1000 skierdays in cross country skiing (Garaick, 1971) . From our study with a total incidence rate of complications of 2·51/1000 training hours it can surely be stated that the risk of injury and other complications are fairly low. Many factors may con tribute to this fact: Skilled instructors supervised by medical staff, stressed the importance of mastering technical details, submaximal levels of training, variation of training activities and thus avoidance of uniformity in work. The successful treatment of sprains and strains underline the importance of proper first aid, early diagnosis and treatment in this type of injury. The more serious complications, like pressure sores and urinary tract infections, are rare, but are still to be considered a hazard. Further steps are to be taken to prevent such complications.
Several of the patients in our material already had complications on arrival. This underlines the fact that pressure sores and urinary tract infections do not necessarily relate to physical training. This must not, however, lead us into the mood of 'laissez faire', and precautions should always be taken. Madorsky and Curtis (1984) have stressed the importance of preventing injury in wheelchair sports. For paraplegics we would like to add a few rules and summarize the prophylactic guidelines to be considered before exercise:
1. Proper hygiene and skin care. 2. Empty the bladder. 3. Careful examination of exposed skin areas, if necessary using a mirror. 4. Pressure-absorbing cushions for the sacrum, the ischial tuberosities and other bony prominences. 5. Proper clothing for the season. 6. Possibilities for fluid intake in hot climate and longlasting sessions. 7. Sufficient warm up, specially in vigorous and new types of activities. 8. If flushing, tachycardia, headache, spasticity and pain of unknown origin occurs, take a day's rest.
Conclusions
The risk of developing a sports-injury for active spinal cord injured patients appears to be fairly small. The benefits of training are clearly documented and outweighs the small chance of a complication. Consequently, there should be no need to restrain 'healthy' paraplegics from adapted physical activities.
Le dessein de cette etude etait d'evaluer Ie risque de developer/les complications chez les paraplegiques participant en sport. C'est une etude retrospective en patients avec des lesions completement de la epiniere,-dans la zone de C7-jusqu'a cauda equina/conus,-61 patients hospitalisees a Beitost01en Helse sportsenter en Norvege.
